Abstract: Neuroblastomas are solid tumors and mostly seen in the adrenal medulla and sympathetic ganglia. It is known that neuroblastoma cell proliferation is inhibited by cisplatin and vincristine. The aim of this study was to investigate the effect of oxytocin on cell viability in human neuroblastoma SH-SY5Y cell line and primary cerebral cortex cell culture exposed to cisplatin and vincristine. In this direction, SH-SY5Y cell line and cortex neurons were obtained from the medical pharmacology department, Ataturk University. Both cells were grown in the appropriate cell culture media. Cisplatin (5, 10, 15 μg), vincristine (0.5, 1 and 2 ng) and oxytocin (1 μM) were applied to SH-SY5Y cell line and primary cortex cell culture for 24 h. MTT and TAC-TOS tests were performed 24 h after the application. As a result of the MTT assay, the combination of cisplatin and vincristine reduced cell viability in both cultures approximately 25% and 22%, respectively, compared to the control group. It appears that oxytocin increases neuroblastoma and cortex neuron viability, 112% and 95%, respectively. In this relation, we need to investigate why oxytocin increases cell viability and what are the possible implications in women in lactation stage.
Introduction
Neuroblastoma (NB), derived from neural cells, is a tumor which is seen in the adrenal medulla and sympathetic ganglia. NB is the most common extracranial solid tumor of early childhood neoplasms, which accounts for 15% of all childhood cancer deaths. Despite all current advancements in drug delivery systems and cancer therapy, neuroblastoma displays an aggressive, therapyresistant phenotype, and prognosis remains poor [1] . Most chemotherapeutic agents used in the clinic for cancer therapy induce cell cycle arrest and apoptosis. Cisplatin (CP) is an inorganic platinum complex, which is mostly effective against many tumors. Cytotoxicity of cisplatin is based on cisplatin-derived DNA inserts, including protein-DNA cross-links, DNA mono adducts, and interstrand or intrastrand cross-links and the formation of reactive oxygen species (ROS) in cells [2] . Vincristine (VCR), a vinca alkaloid isolated from Catharanthus roseus, is used to treat cancers. VCR interacts with tubulin disrupting microtubule polymerization, forces cell cycle arrest at the M phase, which is followed by induction of apoptosis [3] . Although higher doses of CP and VCR are more effective, dramatically high-dose chemotherapy is associated with irreversible neurotoxicity. Oxytocin (OT) is a hypothalamic peptide synthesized in the paraventricular and supraoptical nucleus of the hypothalamus. Different therapeutic roles of OT include anxiety, depression and also cell proliferation and cancer. OT receptors are present in the central nervous system and participates in both basic physiology and cancer pathophysiology. It was shown in brain membranes that OT has antioxidant properties, scavenging free peroxyl radicals, inhibiting LDL oxidation and lipid peroxidation [4] . Current study was designed to investigate the possible protective effect of OT against VCR and CP-induced neurotoxicity.
Materials and Methods
Cell culture: Human neuroblastoma SH-SY5Y (ATCC, CRL-2266) cells were cultured in DMEM-F12 (Gibco Sigma, St. Louis, MO, USA) supplemented with a 10% heat-inactivated FBS (FBS; Invitrogen, Carlsbad, CA) and 100 unit's/mL penicillin and 100 μg/mL streptomycin as described previously. Primary cultures of cortex neurons were obtained from the Pharmacology Department of Medical Faculty of Ataturk University (Erzurum, Turkey). Briefly, after thawing, cryo tubes were centrifuged (5 min, 1200 rpm) and the cells were seeded (2 × 10 5 cells/well) in the growth neurobasal medium (Gibco Sigma, St. Louis, MO, USA) containing 2% B27, 10% FBS and 0.1% antibiotics (penicillin, streptomycin and amphotericin B) (Gibco Sigma, St. Louis, MO, USA). The cells were maintained at 37 °C in a humidified atmosphere containing 95% air and 5% CO2. Determination of Cell Viability. Cell viability was determined by using 3-[4-5-dimethylthylthiazol-2-yl] -2,5-diphenyltetrazolium bromide (MTT) assay (Gibco Sigma, St. Louis, MO, USA) (1). Different concentrations of cisplatin (5, 10, 15 μg), vincristine (0.5, 1 and 2 ng), and oxytocin (1 μM) were applied to SH-SY5Y cancer cell lines and primary cortex neurons for 24 h [5] . TAC and TOS: In total oxidant status (TOS) and total antioxidant capacity (TAC) analyses, spectrophotometry was used. The cell media were collected when the experiments are completed. According to the manufacturer procedure, for TOS (H2O2 Equiv/mmol L-1), absorbances were measured at 530 nm and for TAC (Trolox Equiv/mmol L-1) absorbances were measured at 660 nm (Rel assay, Antep, Turkey) [6, 7] . Statistically Analysis: Mann-Whitney U test was used to compare the difference between groups by using the SPSS 22.0 software. P < 0.05 was considered as statistically significant.
Results
MTT test: To determine cell viability, the MTT assay test was used after 24 h exposure to cisplatin, vincristine and oxytocin combination with cisplatin and vincristine (Figure 1) . Figure 1 . In vitro viability ratio of chemotherapy and oxytocin combination on primary cortex neurons and neuroblastoma cells (n = 6/group) is shown. * Significant differences at p < 0.05 compared to control group; ** Significant differences at the p < 0.001 compared to control group.
According to our study generally increased cell viability in both cultures. But oxytocin protected the primary neurons obviously better than neuroblastoma cells. In both cultures, vincristine and cisplatin dose dependently decrease cell viability at high doses. Oxytocin combination with cisplatin and vincristine in neuron cells in all doses did not show any significant difference in comparison with the control group. In neuroblastoma culture, oxytocin did not increase cell viability in high dose of vincristine and cisplatin groups. TAC and TOS: To determine cell antioxidant and oxidant status TAC and TOS tests were done after 24 h exposure to cisplatin, vincristine and oxytocin combination with cisplatin and vincristine (Figure 2) . Figure 2 . TAC and TOS results of chemotherapeutics and oxytocin combination on neuroblastoma and primary cortical neuron cells (n = 6/group) were shown. * Significant differences at p < 0.05 compared to control group; ** Significant differences at the p < 0.001 compared to control group. TAC and TOC results show correlation with MTT results. Oxytocin increases TAC level more in primary cortical neuron culture compared to neuroblastoma cell culture.
Discussion
In conclusion, oxytocin shows slight neuroprotective effect by increasing the antioxidant capacity and stabilized oxidant status in comparison with NB cells. Bakos J and colleagues' [4] studies show 0.01-1 μM oxytocin increases neuroblastoma viability against hydrogen peroxide toxicity. Although they showed an icrease in viability, they did not report increases in neurotrophic factor levels. Increases in cell viability in both neuroblastoma cell line and primary neuron culture due to oxytocin exposure in this study agree with the results of Bakos et al. [4] . Oxytocin shows promise to be used as cancer adjuvant therapy, but it needs to be studied further. Supplementary Materials: none 
